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It has been demonstrated that the presence of vapours in air results in a mixture of less dielectric strength than air itself. For example, it requires 16% less voltage to puncture a mixture of 10% ether and 90% air than it does to puncture air alone.
Naturally, when a spark does occur, it will choose the path of least resistance and will take a course through the flammable mixture rather than through the air.
The Electrical Ignition of Explosive Anesthetic Mixtures By Professor G. I. FINCH, F.Inst.P., D.Tech. Chem. (Zurich) lmperial College of Science and Technology THREE phases have been distinguished in the process of gaseous combustion, namely: (i) A slow (non-self-propellant) flame-propagation below the ignition point, (ii) a self-propellant flame-propagation, and sometimes, also (iii) a short pre-flame period during which combustion is self-propellant. The point at which the process becomes self-propellant is sometimes called the ignition point. Before combustion can be determined in it, however, energy in some form or other must be imparted to a given combustible system. When heat energy is so supplied, it is customary to speak of an ignition temperature; on the other hand, in the case of electrical energy, e.g. a spark, we usually speak of a minimum igniting energy or current as being necessary to make the combustion self-propellant. In such conditions, whilst the self-propellant stage of combustion is, in the main, determined by the purely electrical properties of the discharge employed, yet, having once been set up, it is subsequently propagated throughout the explosive system independently of such properties. Whether or not ignition can be brought about by an electric spark of given characteristics depends upon the properties of the gaseous system, in particular its composition and pressure, and of these the composition alone is of primary interest, because explosive anesthetic mixtures are not normally formed except at atmospheric pressures.
An explosive gaseous mixture consists of a combustible gas or vapour (or sometimes even a dust) mixed in suitable proportions with a combustion-supporting atmosphere such as air, oxygen, or nitrous oxide. The range of composition throughout which a mixture of given constituents is capable of self-propellant propagation of flame-i.e. is explosive-lies between the so-called " explosion limits" outside which flame propagation, and therefore ignition, is no longer possible. These, the upper and lower explosion limits, vary widely according to tbe nature of the combustible and the supporting atmosphere. For example, in the case of methane/air and methane/oxygen mixtures, the limits lie between 5 to 14 and 5 to 60% (by volume) of methane respectively. Heavier hydrocarbons have narrower limits, e.g. octane/air mixtures will only propagate flame when the octane content lies between 1 to 3.5%. The extent of the explosion limit range, in conjunction with the volatility of the combustible, may be regarded as a measure of the ease with which an explosive mixture may be formed under accidental conditions. Thus, ether which boils at 350 C., under normal conditions forms explosive mixtures with air between the limits 1-8 to 5-2% and must therefore be regarded as very liable to form dangerous mixtures.
In addition to this, it so happens that etherlair mixtures containing as much as 50% of ether are capable of propagating what is known as a " cool " flame which, although relatively harmless in itself and travelling slowly, is well able to ignite normal explosive mixtures, whether of ether or of other gases. The cool ether flame is a most insidious phenomenon; once started, it can travel through a suitable mixture without necessarily being perceived, for it is virtually cold from the point' of view of any sensation it may give rise to in coming into contact with the bare skin, and its blue luminosity is so exceedingly faint as to be visible only in a well-darkened room.
Although a mixture of a combustible anaesthetic with air or other combustionsupporting atmosphere is often, if not indeed generally, intended to contain such a high proportion of anssthetic as would place the mixture well above the upper explosion-limit composition, nevertheless in practice it is impossible to avoid subsequent progressive dilution with air and consequent formation of explosive mixtures varying in composition throughout the explosion-limit range.
The ignitability of a mixture in terms of the energy of, for example, an electric discharge, depends not only upon the constituents but also upon their relative proportions. Thus carbon bisulphide/air and ether/air mixtures can be readily ignited by quite feeble sparks, whilst the heavier hydrocarbon/air mixtures call for somewhat more powerful discharges and, to take what may be regarded as an extreme case, a well-dried carbonic oxide/oxygen mixture can only be ignited by means of an exceedingly powerful condenser discharge. Again, on close approach to the ignition limits for a particular mixture, its sensitivity rapidly decreases, but over the greater part of the explosion limit range we may, for all practical purposes, regard the ignitability of the mixture otherwise as constant and characteristic of its constituents. EXPLOSION Chloroform/air or oxygen and nitrous oxide/air or oxygen mixtures are non-explosive.
We will now consider briefly the way in which electric discharges, such as are capable of igniting explosive mixtures, can occur. The two most important sources of such accidental discharges are those due to the rupture of an electrical circuit or the discharge of static electricity.
When a circuit carrying an electric current is broken, the discharge of electricity takes the form of a more or less prolonged arc-like discharge which is usually preceded by the resistance heating of metal particles to a high temperature. Extinction occurs either when the supply of electrical energy is exhausted, or when the break has opened to such an extent that the resistance is too great for the available E.M.F. to maintain a discharge. As a general rule, the currents carried by a discharge of this type in the event of rupture of, for example, a lighting circuit feeding a small lamp, are of the order of less than 1 amp., and the rate of energy dissipation is low, although when such a discharge is prolonged, as it may well be, over a considerable fraction of a second, the total amount of energy dissipated may be relatively large. Thus, although the discharge formed by accidental rupture of a 12-volt, battery-fed circuit supplying a 6-volt, 6-watt bulb through a suitable controlling resistance would be rapidly extinguished, a greatly prolonged arc discharge would occur if the lamp were fed through a resistance from 220 volt mains. The character of the electrostatic discharge is quite different. In this case, and particularly under conditions likely to pertain to accidental ignition, the rate of energy-dissipation is generally enormous, although the total amount of energy may be so small as to appear almost trivial. For example, a person wearing rubber shoes in a warm atmosphere of the normal degree of humidity of an operating theatre, can quite well become charged to a potential of several thousand volts above earth.
We then have a charged inductance-capacity circuit, to which, at a modest estimate, a capacity of 200 cm. and a circuit inductance value on discharge can be assigned such that the natural angular frequency would be at least 107 cycles per second. With a total fall of 5,000 volts on discharge this means that the maximum current flowing in the spark would reach 100 amps. with a potential drop of at least 300. volts. Although only maintained for a fraction of a millionth of a second, it is to this exceedingly high rate of dissipation of energy that we can attribute the fact that even such feeble sparks as are sometimes produced by, for example, combing the hair or discarding a woollen or silk garment can, and sometimes do, ignite petrol/air mixtures which may be regarded as relatively insensitive to ignition when compared with similar mixtures of ether.
Though suitably localized ventilating devices may no doubt help to reduce the danger of anesthetic explosions, they can hardly be regarded other than as a palliative measure, because it will, in practice, be quite impossible to avoid the formation of explosive mixtures in the immediate vicinity of the patient in those cases where the use of a combustible anesthetic is essential. For this reason it would seem that the best course to take in order to prevent accidental electrical ignition would lie in the suppression of electrical discharges capable of igniting, rather than in the prevention of access of inflammable gas mixtures to such sources of ignition. It should be understood that this applies only to the immediate neighbourhood of the operating table; it goes without saying that wall switches, plugs, permanent circuit wiring, etc., should be suitably shrouded and otherwise be capable of being used in an explosive atmosphere without causing ignition. The risk of ignition by discharges of static electricity could probably be virtually eliminated by ensuring adequate earthing of all bodies capable of becoming charged. In view of the extremely small quantities of static electricity and the high potentials at which it is stored, earthing requirements should be easy to fulfil. A leakage resistance of 500,000 ohms or even 1 megohm per sq. cm. of theatre floor could be regarded as an effective earth for present purposes. Tables should be earthed either through metal castors or through short lengths of chain trailing on the floor. Earthing of the patient can be effectively and simply carried out by the use of either metallized rubber mattresses or a metallized strip of fabric. Rubber shoes worn in the theatre could be made conducting by incorporating soft fine-meshed metal gauze in the rubber soles.
Measures consisting in the raising of the humidity of the atmosphere are not likely to be of much use. In view of the relatively high temperatures, the degree of humidity necessary to be effective would cause too much discomfort.
Low-tension circuits (pea-lamp illuminating circuits) can be a source of considerable danger. It is essential that they shonld be fed from a circuit so arranged that in the event of rupture the potential built up across the break shall be as low as possible. Hence the use of such circuits connected directly to lighting mains through a regulating resistance is strongly to be deprecated. Less exception can be taken to a potentiometer-controlled circuit or to one operated through a suitable step-down transformer. The safest circuit, however, is undoubtedly one fed by an accumulator in which rough adjustment is achieved in 2-volt steps by tapping, with a small series resistance to provide fine adjustment. The inductance of the circuit should be kept low and more attention than is paid at present should be given to the insulation of the leads and to the securing of the lamp-bulb in its socket. Dead space in tubes carrying insulated wires might well be filled out with a plastic insulator to prevent accumulation therein of explosive gases. The lamp circuit 29,4 1132 should include one, or preferably two, series fuses, one in each lead, which will operate in the event of a short circuit.
With regard to the use of diathermy apparatus and cauteries, the danger is, in these cases, well recognized, and its elimination is largely a question for the ana%sthetist in his choice of anaesthetic and mode of administration.
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HISTORY ABOUT the year 1923 an increasing number of statements became prevalent concerning unusual effects following the administration of nitrous oxide gas. The matter was discussed at several meetings of the Council of this Section and it was suggested that such irregular anaesthesias might be due to impurities in the nitrous oxide used. This appeared probable as, the gas not having been at that time included in the Pharmacopceia, there were no official standards of purity. About the same time the Medical Research Council was interested in similar subjects and after some negotiation between this Society and the Medical Research Council, a joint committee came into being early in 1924.
Personnel authority on the ignition points and explosions of gases, was co-opted in 1926. In 1932, Professor Pannett, F.R.C.S., joined the Committee, as representative of the Surgical side. Unfortunately we have to deplore the loss by death of two of our most active members, namely Professor Dixon, in 1931, and Professor Pembrey in 1934. Professor Storm van Leeuwen also died two or three years ago. The place of Professor Pembrey has recently been filled by the appointment of Mr. Spurrell, M.Sc., F.R.C.S., Reader in Physiology at Guy's Hospital.
Dr. Harold King, of the Chemical Department of the National Institute for Medical Research, has frequently attended meetings and has done much chemical research for us, although not a member of the Committee.
The first meeting of the Committee was held in this building on March 27, 1924. Dr. Blomfield was elected Chairman and I undertook the duties of Honorary Secretary, and we have remained in office ever since.
NITROUS OXIDE
The first investigation to which the Committee directed its attention was that of the purity of nitrous oxide. A very large amount of information was quickly amassed and I was able to place much of it before members of this Section in a paper I read here in 1926. I was able to point out that although no
